Objective: To evaluate visual field abnormalities after an episode of optic neuritis among participants in the Optic Neuritis Treatment Trial.
T HE FINAL REPORTS FROM THE
Optic Neuritis Treatment Trial (ONTT) on visual function and risk of multiple sclerosis were recently published. [1] [2] [3] [4] The baseline 5 and 1-year follow-up 6 visual field results for the ONTT were previously published. This article examines visual fields from baseline through the 15-year follow-up in ONTT participants and presents an overview of the longitudinal visual field data. The main objectives were (1) to classify visual field abnormalities using updated methods, (2) to examine foveal threshold (FT) values in the affected eye and correlate those values with visual acuity (VA) and contrast sensitivity for the first year of the study, and (3) to correlate visual field abnormality classifications with visual field mean deviation (MD), mean pattern standard deviation (PSD), mean VA, and mean FT.
METHODS

ABNORMAL VISUAL FIELD CLASSIFICATION
In 1987, Keltner and Johnson began characterizing the types and severity of visual field defects in the ONTT. [5] [6] [7] [8] We have refined the methods previously reported in the 1993 baseline 5 and 1994 1-year follow-up 6 articles. For the purpose of identifying visual field abnormalities in patients with optic neuritis, we developed the current methods based on a visual field classification system developed in 1999 for the Ocular Hypertension Treatment Study (OHTS). [9] [10] [11] [12] [13] [14] These methods have allowed us to more carefully define visual field characteristics and classifications for the ONTT. We have now characterized the entire cohort of visual field abnormalities in the ONTT from baseline through 15 years (10 443 visual fields). Reliable and unreliable visual fields were evaluated in this study. Visual fields were considered unreliable if the false-positives, false-negatives, and fixation loss indices exceeded 33%. Given the nature of optic neuritis, we decided not to exclude visual fields from the classification process based on reliability indices.
The 21 abnormal visual field classification categories developed for the ONTT included patterns of visual field loss divided into 3 broad groups: localized, diffuse, and artifactual. These visual field patterns of loss appear to be characteristic of the visual field loss associated with optic neuritis and patterns associated with testing artifacts. An abnormal field in the ONTT was defined as meeting any of the following criteria: (1) a Glaucoma Hemifield Test result outside normal limits; (2) a corrected PSD or PSD at PϽ5%; (3) a single point worse than the 0.5% probability level on the total and/or pattern deviation probability plots; (4) 2 adjacent points (cluster) beyond normal limits (PϽ5%) and at least 1 point worse than the PϽ1% on the total and/or pattern deviation probability plot (a cluster is defined as Ն2 horizontally or vertically, not diagonally, contiguous abnormal points at PϽ5%); or (5) 3 or more clustered points worse than the PϽ5% level on the total and/or pattern deviation probability plot. For all classification evaluations (criteria 3-5), the pattern of loss had to be consistent with ocular abnormalities. The predominant visual field pattern of loss was used to determine the abnormality classification defined in the Box. The most frequent types of ONTT visual field classifications are shown in Figure 1 . The complete set of ONTT visual field classification examples is shown in eFigures 1-4 (http://www.archophthalmol.com).
READER AGREEMENT
Three certified readers ( J.L.K., C.A.J., and K.E.C.) independently classified 10 443 full-threshold 30-2 visual fields (5840 from affected eyes and 4603 from fellow eyes) from 454 patients with available data over 15 visits (visits 1-8 [within the first year] and single visits for years 1-5, 10, and 15). The abnormal visual fields were graded using the classification system described in the Box. The readers reviewed the visual fields in a random masked fashion unrelated to the order of the patient visits. Thirty-one of the 454 affected eyes (6.8%) were not tested at baseline (visit 1) because VA was determined to be either no light perception or light perception only. Readers assigned classifications to the entire visual field using primarily the total and pattern deviation probability plots showing the greater number of abnormal points. However, the numeric deviation plots, as well as the gray scale, were evaluated to confirm the appropriateness of the classification. Extraneous abnormal points separate from the salient pattern were given lower consideration. The final classification was determined by unanimous agreement among all 3 readers, 2 of the 3 readers, or by consensus when there was no initial agreement. If 2 of 3 readers agreed on a classification, then a final classification was determined for that visual field. If the 3 readers did not agree, then the visual fields were adjudicated by group consensus. After a final classification was made for each visual field, the mean reader agreement and the frequency of classifications for affected and fellow eyes were calculated. Testretest reader agreement was determined by re-reading a 10% sample from the abnormal visual fields from visits 1 through 8.
The sample reflected a distribution of the 21 abnormality classifications. The visual field classification criteria have been described in previous publications.
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We obtained reader agreement (at least 2 of the 3 readers) of 94.9% for the 10 443 visual fields. The remaining cases required adjudication. The retest reader assessment resulted in unanimous agreement in 59.8% of cases and agreement among 2 of 3 readers in an additional 34.8% of cases (94.6% total). In 5.4% of cases, there was complete disagreement (eTable 1).
CORRELATION OF ABNORMAL VISUAL FIELDS WITH OTHER MEASURES OF VISUAL FUNCTION
Summary statistics were provided for visual function measurements and visual field classifications. Pearson coefficients were calculated to assess the correlation at different follow-up times between FT values and the following visual measurements: VA (logMAR [logarithm of the minimum angle of resolution] values), contrast sensitivity (log units), and MD of visual field (decibels [dB]). Statistical analyses were conducted using SAS statistical software, version 9.1 (SAS Institute Inc, Cary, North Carolina).
RESULTS
ABNORMAL VISUAL FIELD CLASSIFICATION
At baseline, 100.0% of the visual fields from the affected eyes and 74.7% of the visual fields from the fellow eyes were abnormal. After year 1, the frequencies of abnormal and normal visual fields for the affected eye were evenly distributed at approximately 50.0% each, whereas the abnormal visual field frequency in the fellow eye ranged between 34.3% and 39.7% (eTable 2).
At baseline, 66.2% of the abnormalities in the affected eyes consisted of diffuse loss, which includes total loss, central, centrocecal, and widespread loss; 33.6% of abnormalities were localized loss ( Table 1) . Visual field abnormality in the affected eye showed a relatively stable decrease in diffuse loss from 66.2% at baseline to approximately 8% to 10% for years 1 through 15. Localized loss remained stable at approximately 39% for years 1, 5, 10, and 15 with paracentral, partial arcuate, and arcuate visual field defects as the most predominant patterns of visual field loss.
In contrast, 74.7% of the visual fields in the fellow eye at baseline were classified as being abnormal. A total of 6.2% of the abnormal visual fields were classified as having diffuse loss, whereas 65.6% were classified as having localized loss ( Table 2) . At year 1, localized loss decreased to 34.4% and remained stable through year 15 with paracentral, partial arcuate, and arcuate visual field defects as the most predominant pattern of visual field loss.
CORRELATION OF ABNORMAL VISUAL FIELDS WITH OTHER MEASURES OF VISUAL FUNCTION
Foveal threshold was highly correlated with Snellen and logMAR VA and contrast sensitivity in the affected eye during the first year of the study. At baseline, FT was correlated with VA (-0.82) and contrast sensitivity (0.79) (Figure 2) . At 6 months, FT was correlated with VA (-0.84) and contrast sensitivity (0.81). At year 1, FT was correlated with VA (-0.84) and contrast sensitivity (0.79). For visits 1 through 8 and years 1 through 5, 10, and 15, we also compared the percentage of abnormal visual fields in the affected and fellow eyes with mean visual field MD, FT, VA, and PSD (years 10 and 15 only). The MD for visual field classifications with large numbers was fairly similar in the affected and fellow eyes. (eTables 3 and 4 and eFigures 5 and 6 present frequency of visual field abnormalities and association of visual field classifications with mean MD, mean PSD, mean logMAR VA, and mean FT ).
COMMENT
The University of California, Davis, Visual Field Reading Center (UCDVFRC) has monitored the ONTT visual field parameters during the past 15 years, and, as a result, now has a unique cohort of 454 patients with 10 443 visual fields. The classification system has evolved during the past 15 years based on the UCDVFRC's previous experience with the OHTS. [9] [10] [11] [12] [13] [14] We have refined the methods previously reported in our ONTT 1993 baseline 5 and 1994 one-year follow-up 6 studies. The evolution of our Visual Field Classification System involved developing specific parameters and definitions of the OHTS visual field patterns of loss.
11 These definitions were then adapted for the visual field patterns of loss in the ONTT. In the OHTS, we classified the superior and inferior hemifields of the abnormal visual fields because glaucomatous visual fields tend to exhibit more nerve fiber bundle types of visual field defects (arcuate loss). However, in the ONTT, we classified the entire visual field because visual fields in patients with optic neuritis exhibit central and nerve fiber bundle defects (arcuate loss).
We have also tried to establish the parameters for abnormal visual field classifications with MD and FT values because it may be useful in future clinical trials or in other studies when comparing classification methods. In addi-tion, this classification system could possibly serve as a basis for an automated algorithm to classify abnormal visual fields in patients with optic neuritis or other optic neuropathies.
Classifying the ONTT visual fields for 15 years has allowed us to provide mean VA and MD parameters (a comparative guide) for each of the 21 classifications. There are some differences between the affected and fellow eyes; however, the parameters appear to be similar in the visual fields with the largest number of abnormal classifications. Therefore, physicians can use these tables as rough guides to determine whether the VA and MD values are in the appropriate ranges for a given type of visual field abnormality classification (Figure 2 , eFigures 5 and 6, and eTables 3 and 4).
This study also yielded important clinical information. Results from all visual field examinations performed on the affected eye at baseline were abnormal, per the inclusion criteria. However, what has not been well appreciated is the fact that results of 75% of the visual field examinations in the fellow eyes at baseline were also abnormal, and close to 40% were abnormal at year 15. Therefore, these findings appear to show that optic neuritis is not typically a unilateral disease. Reasonable evidence suggests there is bilateral involvement among many patients early in the disease course, when the fellow eye frequently remains involved. We know that, during the study, there were recurrent attacks of optic neuritis in both eyes of the current cohort of patients. However, we do not have adequate information about the frequency of such attacks. Because abnormalities in the fellow eye were present at baseline, these outcomes are not explained by recurrent attacks of optic neuritis.
The classification type of a visual field defect is another important piece of clinical information. Most results of visual field examinations in the affected eye at baseline consisted of central visual field loss. We have found that diffuse loss, representing a large central-type scotoma for the 30-2 test pattern, which includes total loss, central, centrocecal, and widespread loss, represented 66.2% of the visual field abnormalities in the affected eye at baseline, whereas only 6.2% of the abnormalities in the fellow eye at baseline consisted of diffuse and central loss. However, throughout the first year of the study, central visual field loss in the affected eye changed to a more localized loss in the form of nerve fiber bundle defects (ie, partial arcuate, paracentral, and arcuate defects). Most results from the visual field examinations in the fellow eyes at baseline exhibited localized visual field loss, and the defects remained localized during the next 15 years. At year 1, 35.7% of the abnormalities in the affected eyes and 34.4% in the fellow eyes consisted of localized defects. At year 15, 39.5% of abnormalities in the affected eyes and 26.3% in the fellow eyes consisted of localized defects. In addition, these defects were predominantly in the nerve fiber bundle region (partial arcuate, paracentral, and arcuate loss). Thus, over time, the affected and fellow eyes show similar patterns of loss in the nerve fiber bundle, with the affected eye being more severely involved.
Comparison of the 2 methods for the ONTT Visual Field Classification System revealed that, in the 1993 baseline study, 5 visual field abnormalities in the affected eyes consisted of 56.5% diffuse loss (combined with central and centrocecal loss) vs 66.2% in the present study. In In recent studies published by Nevalainen et al 15 and Fang et al, 16 a similar visual field pattern was demonstrated. Central scotomas and nerve fiber bundle defects were reported as the most common, with a slight "condensation" of visual loss between the center and the blind spot of the visual field. The higher proportion of central scotomas was owing to higher spatial resolution of their testing strategy. The present study demonstrates similar findings.
Patients with optic neuropathies frequently have VA and contrast sensitivity loss. We have attempted to evaluate patients with optic neuritis by correlating VA with FT and contrast sensitivity measurements. As shown in Figure 2 , the FT at baseline appears to correlate well with VA and contrast sensitivity. This is a useful piece of clinical information because, occasionally, there are patients with exceptionally good FT measurements but very reduced vision, which suggests that there may be other factors involved rather than an optic neuropathy causing central visual loss. We have found the FT measurement to be a very valuable clinical tool.
In this report, we correlated types of visual field abnormalities with VA and MD. As recently reported by Kupersmith et al, 17 moderate to severe loss in the threshold perimetry, along with VA and contrast testing at 1 month, can help to predict abnormal visual function at 6 months. However, no single parameter is a good predictor. 1 We did not examine binocular visual field loss or chiasmal or retrochiasmal defects, which had been adequately addressed in the 1-year follow-up report. 6 One potential reason for the increase in fellow-eye abnormalities compared with previous reports is the change in definition of abnormal results on visual field examinations. As can be seen in Table 3 , there were a greater percentage of abnormal results on visual field examinations in the affected and fellow eyes at year 15 than in the most recent ONTT report.
1 Different MD criteria were used for visual field abnormalities in this study. The standard measure used was an MD of 2 SDs beyond the reference value (Յ3.00 dB). However, in our present report, we used a more generous criterion for abnormality to reflect axonal loss as evidenced by recent publications using optical coherence tomography to demonstrate optic nerve damage following acute optic neuritis. [18] [19] [20] [21] [22] [23] Several investigators have discovered axonal loss in the nerve fiber bundle in patients with multiple sclerosis. [24] [25] [26] [27] [28] Further correlation with optical coherence tomography will help to define the structure-function relationship of visual field loss implications. From these studies it has become apparent that a patient can have loss of nerve fiber bundles in the optic nerve with a normal or nearly normal visual field after an attack of optic neuritis or multiple sclerosis. The reason for normal visual fields when there is obvious nerve fiber layer damage appears to be redundancy in the optic nerve visual system.
In summary, at baseline, 100% of the visual fields from the affected eyes and 74.7% from the fellow eyes were classified as being abnormal. At baseline and early in the study, the affected eyes mainly exhibited central diffuse loss. Eventually, localized nerve fiber bundle loss (paracentral, partial arcuate, and arcuate defects) predominated. In the fellow eyes, the same pattern of localized nerve fiber bundle loss was seen at baseline and throughout the 15 years of follow-up. The classification parameters defined in this article, including the correlation of VA with FT and contrast sensitivity, may help physicians evaluate the characteristics of optic neuritis and other optic neuropathies in the future. 
